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Small radial inflow turbines are suitable for a variety of applications in aircraft, 
space vehicles, and other systems where compact power sources are required. Tur- 
bines of this type have a number of desirable characteristics, such as high efficiency, 
ease of manufacture, and sturdy construction. Since a radial turbine varies greatly in 
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Specific speed is an expression commonly used to describe turbomachinery oper- 
ating requirements in terms of shaft speed, exit volume flow, and ideal work and is, in 


) 



Turbine station number designations are shown in figures 1 and 2, and all symbols 
are defined in appendix A. Substitution in this relation expands the expression to include 
several velocity-diagram and geometry ratios, as shown in equation (2): 
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Figure 2. - Velocity diagram. 


Five specific losses were calculated for each of many combinations of stator - 
blade-height to exit-diameter ratio h^/Dg m , stator-exit flow angle c^, and exit- to 
inlet-diameter ratio D 2 m /D^. These calculations result in a variety of combinations 
of the ratios shown in equation (2) . The losses considered were those associated with 
stator-blade-row boundary layers, rotor-passage boundary layers, blade-shroud 



X 

0 

0 

G 

4H 

0 

c 

0 

c 

G 

03 

0 

0 

£ 

73 

Cl 

G 

r-H 

X 

c 

0 

<44 

0 

c 

0 


N 

03 

0 

X5 

2 

rH 

•rH 

O 


> 

> 

G 

0 

O 

X 

4-> 

Eh 

T5 


0 

C 

•rH 

4-> 

0 

r-H 

G 

Cl 

0 

•rH 

C 

c 

c 

0 

0 

4-> 

O 

X 

c 

a 

0 

X 

G 

G 

4-> 

0 

-M 

73 

G 

G 

03 

r-H 

X 

0 

73 

0 

G 

X 

r-H 

4H 

X 

G 

Cl 

0 

•rH 

0 

4-> 

c 

0 

0 

Ci 

X 

qn 

£ 

O 

C 

in 

0 

X 

0 

0 

s 

G 

g 

0 

G 

C 

0 

0 

<4H 

X 

0 

4-> 

c 

•2 s 

G 

0 

c 

0 

<4H 

T3 

Ci 

0 

0 

G 

X 

•rH 

£ 

G 

4-> 




CD 

XJ 


CD 

Xj 


d 


O 
Sh 

T3 

0 CO 
0 CD 

a S 

co § 
0 • 
13 CD 

-2 « 
r* d 
d 
Sh 
d 


I 

►>*> 

® rt 

0 fi 

P § 

42 


d 

Sh 

CD 

Sh 

d 

CO 

CO 


I 

PH 
I 0 

8 S 

rH •rH 

a X 

t 3 H 

H-> 

CO 

I 


CO 

rx 

u 

o 

£ 

a 


co 

d 

o 

•rH 

4-> 

'S 

d 

o 

a 

£ 

o 


73 

d .. 

d 0 

r-H 

o 


Sh 

£ 

X! 


75 

<D 

-4-> 

d 

r-H 

d 

o 


73 

d 

d 

CD 

bD 

d 

X3 

d 


bD 


2 « 
Oh - 
_H CO 

d ® 
4-> O 


d 

o 

73 

<D 

CO 

d 

rQ 


u 

CD 

>> 

d 


d % 
o & 


i 

>> 
u 
d 
73 

-2 § 
Xj o 
<1 & 


X 

CD 

73 

d 

d 


d <!} 

H-> C 

-S 3 

4-> £ 

® X 

d CD 


73 

d 

d 


co 

% 


-§ 
CO 

s >> 

d ^ 
£ 73 
H CD 


CO 

d 

d 

a 


d 

•rH 

d 

-j-> 

,Q 

O 


,X 

Sh 

O 

& 

o 


0 

0 

a 

CO 

r-H 

d 

-M 

o 


?H 

O 

4-> 

d 


rx 

Sh 

o 

£ 


73 XJ 
CD Sh 
CO O 

B * 

0 

73 £ 


0 

CD 

04 

CO 

f— H 

d 

+-> 

O 




0 d 

d 

o 


XJ j£ 

H-> 

•rH 

4-> 

. 

Sh ^ 

d 

CO 

o ^ 

d 


d O 

r-H 

d 

o’ 

rX ^ 

> 

73 

Sh h-> 

0 

d 

O 0 

co 

d 

^ 55 

2 

CSJ 

0 

Eh 

d 

PH H-> 
•JH <D 


t+H 

0 r-H 


o 

0 d 

CO 

CO 

o 

•rH 

a ,rH 

T3 

0 

W Sh 
O 


d 
CD 
Sh 
H-> 

"" CO 
73 d 

d -rH 

CD d 
73 d 


xj 
<1 

XJ 

Sh 

o 
£ 

H-> 

« rH 

ph d 
•rt CD 
O -rj 
CD .a 
Qh o_j 

co o 

.a a 

d § 


CD 

d 

CD 

JCJ 

H-> 

XJ 

H-> 

£ 

73 

CD 

d 


CO 


s 3 


•>-1 0 
O r-H 

0 d 
a '7 1 

w i 

73 3 

o> o 

T3 h 

•rH 

<D 

2 JB 

X; -4-J 


o 

£ 

H 


CO 

0 


0 


Sh 

O 


O 

Sh 


73 

d 

d 0 
„ 73 

0 jd 

s 3 


PH 

o 

d 

o 

•rH 

4-> 

o 

d 

d 


73 
d 
d 

rX 

Sh 

o 
£ 

.a d 

PH 

•rH CO 

8 * 
&, T3 
CO 0> 


O -M 

S u 

0> <D 
> © 

> I 

•rH d 
H-> *rH 

d 73 

0 a 

Sh 71 


bD 

d 

• rH 
H-> 
0* 
r-H 

d 

o 


X 

0 

«4H 

o 

o 
d 73 
w d 


d 

> 

?H 

d 

o 

73 

d 

o 

?H 

XJ 

CO 

0 

> 

•rH 

CO 

CO 

0 

0 

X 

0 

73 

•rH 

o 

> 

d 


5 .5 


d 

i— i 

d 

o 

r-H 

d 

o 

co 

d 

£ 

>> 

!h 

4-> 

0 


0 

XJ 

Eh 


co co 

d ^ 

o 0 


a 


0 


£ I 


U 

o 

£ 


o 


d 
co 

0 

XJ 

4-> 

CO 
d 

d 
0 
d fX 

a £ 


CO 

f-H 

d 

0 

73 


CO 

0 

XJ 

+-> 

d 

0 

XJ 


CO CO 

co d 


a 

u o 
0 0 

ts 

^ jj 

0 X 

s 0 

M I 
0 
d 


d 

co 

co 

d 

0 

x; 

4-> 

73 

d 

d 


0 

d 


co 

0 

d 

d 

co 


% 

CO 

0 

•rH 

o 

d 

0 


X 

0 

0 

XJ 

-M 

d 

o 


CO 73 
CO 0 
O CO 


£ 

CO 

CO 

0 

o 

X 

0 


o 

> 

d 


«4H 

O 

s 

d 


E> 

d 


0 

d 

r-H 

d 


d 

Eh 


o 

Sh 


0 

XJ 


O 

a 


0 

Sh 

0 

£ 


d 
O 

4-> 

73 
0 
+-> 

s I 

s S 

g ^ 

a .2 

H +J 

rt u 

3 u 

r* 0 


CO 


0 


0 

CO 

d 

co 

d 

JD 

73 

73 

a 

d 

•rH 

H-> 

d 

1 

rQ 

0 

bD 

d 

XJ 

d 

rX 

H-> 

0 

•rH 

X 

O 

r-H 

0 

rQ 


co 

CD 

00 

CO 

o 

I 

73 

CD 

H—r 

CU 

Z5 

Q 

(73 

O 


a 

d 

-M 

d 

0 

a 

o 


CD 

0 

O 

d 

0 

u 

0 

«+H 

0 

Sh 


Sh 

0 

d 

^H 

I 

>> 

d 

73 

d 

d 

o 

X 

bX) 

d 

•rH 

"d 

r-H 

0 

Sh 

CO 

d 

o 

•rH 

"d 

d 

a* 

W 


73 

0 


d 
0 
w d 


PH 

d 

o 

•rH 

"d 

d 

a 4 

0 

0 

r-H 

bD 

d 

•rH 

CO 


0 

a 

0 

Sh 

0 

£ 

CO 

CO 

o 

r-H 

d 

o 


CO 
Sh 
0 , 
d‘ 

i-H 

b 1 

d 

73 

d 

d 

o 

rQ 

Sh 

O 

H-> 

o 

Sh 

73 

d 

d 

Sh 

O 

HH 

d 

-*-> 


o 

H~> 

d 

•rH 

73 
0 
d 

S 

a 

o 
o 

0 
Sh 
0 
£ 

CO 
d 
o 

4H 

d 
d 
a 4 
0 

0 

^ co 
>> 0 
bD XJ 
Sh Eh 
0 
d 
0 

Sh 


0 

> 

0 


O 

0 

bD 

0 

73 

d 


co 

£ 

o 

Sh 

0 

73 

d 


0 

d 

• rH 

X! 

O 

d 


co o 

CO Q 


Sh 

d 


Sh 

O 


in 


overall blade-row loss 




3 

CO 

O 

0 


g 


+ 


r 




i 

+-> I CO 
I 


L 


CO 

o 

0 


W 


ll 

CD 


73 

£ 

Jh 

o 


Jh 

o 

4H 

CO 

a 

o 


o 

CO 


J§ 


CO 

o 


CO 


d 

43 

4-> 

& 

Jh 

CD 

S3 


a 

G* 

4-> 

CO 

a 

o 

0 

73 

i—H 

JS 

CD 

Jh 


CD 0 
0 £ 


CD 

£ 

•rH 

pX 

r-H 

Cj 

CD 

73 


S3 

2 

CO 

S3 

o 

o 

CO 

ctf 

73 

CD 

CO 

3 

CD 

Jh 

CD 

£ 


S3 

O 

+3 CO 
ctf CD 
3 d 
o* r3 

CD 55 


CD 

43 


b 0 


.5 '2 
O 


o 

gJ 

Jh 


£ I 


Jh ^ 
<D <D 

■+-» 43 
H 


CO 


CD 


CD 


g TO 

Jh 

0 

43 

£ 


CO 

0 

CO 

CO 

o 

i—i 

u 

o 

4-> 

o 

Jh 


Rotor 

05 

O LO ^ ^ ^ o ^ 

oo oocdaictfooctf 

i-H rH 

Stator 

1.8 

.003 

1.00 

1.4 

.017 

.008 

(a) 

. 5 

Term 

CO 

O o W O to 

Wcr> .vob-MoScd 


T3 

CD 


u 

cd 


CO 

0 

S3 

•rH 

43 

o 

ctf 


0 

> 

0 

i—H 

0 

43 


i 

Jh 

d 


0 

> 

•rH 

H-> 

d 

H-> 

S3 

0 

CO 

0 

Jh 


0 
Jh 

r-H tP 

.g 0 

73 ^ 

* ^ 


Jh 

O 73 
^ S3 
73 OS 

•rH 

co 

CO 

o 

r-H 

Jh 

o 

73 ^ 

0 73 

^ S3 


3 0 

CO > 

a 0 

Jh r-H 


d 

Jh 


s s> 

> 

CO ‘ 
0 
3 


&* 0 


4^ 

O 


3 

. . co 

Cj CO 
> d 

< 2 
O I 

-+H ^ 

cd 73 
S3 

Jh oj 
0 

4H CO 
0 Jh 
C3 0 

rO 

a 

3 

S3 


g$ 

Jh 

d 

a 


CO CO 
CO 73 
0 
S3 

o 


Gi 

Jh 

o 

13 

+-> 

CO 


0 

> 

0 

r-H 

rS 

H-> 

43 

CO 

•rH 

r-H 

■§ 

4-> 

CO 

0 


o 

S3 

>» 73 

S CD q) 

Ph -S 

4-> *** o 

rl ^ 
bD 


2 


d 
2 
2 15 


a 

o 


0 

-a 

H 


rQ 

Jh 

3 


Jh 

2 

o 

u 

73 

S3 

oj 

Jh 

O 

4-> 

ctf 

•4H 

CO 


0 

43 

I +■> 

■ 0 
bo 
> S3 
5 h j3 

of, 

4-> O 

' 73 

r-H 

o 

£ 

75 

S3 

d 

Jh 

0 

pQ 

a 

3 

S3 

co 

73 


bD 

S3 

•rH 

4H 

0 * 

r-H 

0 

Jh 

CO 

s3 

O 

•rH 

H-> 

a 

d 

0 

0 

13 

a 

2 

o 

Jh 

Ph 


5h 

O 

4H 

CO 

o 


0 

Jh 

«+H 

T3 

0 

•rH 

01 
> 


csi ; 

Q 

T5 

fl 


3 

o 

^H 

. 0 


0 


CM 

Q 


T3 

-M J" 
Gj $ 

3 « 


'I 

CO 
1 0 


c 

o 


o 

^ >> 

d 0 

•rH 

u 
d 
> 


d 

0 

0 

u 

% 


0 

r-H 

rO 

d 

•rH 

?H 

> 


« S 


0 


73 

ci 

bo 


co cJ 
0 0 
73 

c 

rH 0 

S a 
S 0 


0 

pCj 


a 

o 


73 

S3 


•rH 


Jh 

0 0 
ra r£3 


X 

w 


0 


d 

S 

o 


W r-H 

.a > 


0 

73 
d 

I-H 
>, rO 

S « 
0 


0 


pC 

H 


co 
0 

H bO 

4h g 


>> 

0 

S3 

0 


0 


u 


0 


o 

0 

bD 


pC 

0 


0 
0 73 
S3 d 

•rH r-H 
r^ r^ 


0 

0 

S3 

d 

Sh 

d 

0 

r-H 

o 


I 

co 

d , co 

co 2 ^ 

s & ■■ 


0 

0 

S3 


<3 pX 
— 1 


I 

r-H 

d 

d 

-M 

0 

d 


d 

0 h 

I-H C3 
0 0 
i-H 

0 0 
d o 


a 

Jh c3 
d 0 
> Jh 

gS m 

73 .a 

0 Gj 


Jh 

O 

HH 

o 

K 


jh Jh 

o 5 


co 


CO 

CO 

o 


d 4H 

Jh O 

5 O 


d 

Jh 

0 

pJ3 

EH 


co 


bX) £ 


a s 

•rH ^ 

a ^ 
§ a 


0 
43 

0 

bD ■< 

01 ^ 
CO S 
CO 

Gi 0 
a 43 


gJ> 

4-> 

CO 

S3 

o 

0 


43 

0 

0 

Jh 

0 

+■> 

0 


0 
W) « 

5^ .3 


0 
0 

m S3 

a ^ 

c3 

>> 0 
^ 0 

^ O 
o ^ 
5 0 


a gj 

S U 


S3 

d 

Jh 

Gj 

0 

r-H 

0 

73 

3 

0 
Jh 
43 
CO 

1 

0 

73 

d 


0 

0 

S3 

d 

Jh 

G$ 

0 

r-H 

0 

<4H 

O 


Gj 

Jh 

0 

43 


CO 

O 

•iH 

13 

Jh 

pS 

Eh 


0 
0 
3 
73 
0 
Jh 

O 2 


0 hh 

Jh 43 
0 bD 

.a 


73 

0 


0 
43 

0 

ft bD 
3 ctf 
co co 


0. 0020 and 0. 0025 at the rotor inlet and exit, respectively. 

Windage. - Calculation of windage loss on the back face of the rotor was made with 
equation (5): 




0. 56 p 



The independent variables otp m , and D 2 m /D^ were varied over the fol- 
lowing ranges: ’ 


0. 04 < — — < 0 . 68 




Radial turbine performance was examined analytically to determine optimum design 
geometry for various applications. Initial calculations were made for constant rotor- 
inlet blade speed in terms of critical velocity ratio. Subsequent calculations were made 
at other blade speeds to determine the effect of internal Mach number level on optimum 
geometry. 




Specific speed, N s> rad/tm^Kkg^Ksec^U^ 4 ) 

Figure 3. - Calculated performance with stator-exit flow angle 
of 68°. 
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Figure 4. - Calculated performance. 
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Figure 5. - Variation in stator-exit flow angle corresponding to 
maximum static efficiency with specific speed. 
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mum static efficiency is shown in figure 8. The nature of the calculations was such that 
the ratio of blade inlet tip speed to actual work was almost constant for all points calcu- 
lated. Because blade-jet speed ratio includes ideal rather than actual work, the variation 
shown in figure 8 simply reflects the corresponding variation in static efficiency. 
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lengths shown in figure 9 were selected as being reasonable for the diameter ratios 
shown. Determination of axial length as well as blade number and splitter blade length 
in a specific turbine design problem could best be made with a calculation of blade and 
end-wall gas velocities by a method such as that described in reference 8. 
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The results of the initial calculations included a small variation in turbine pressure 
ratio and, therefore, a limitation on the usefulness of the results. The range of pres- 
sure ratio was extended by changing the level of all internal velocities. Rotor-inlet 
blade critical velocity ratios of 0. 2 and 0. 8 were specified, and all calculations were re- 
peated for the same value of the input variables. All internal velocities varied in a con- 
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Figure 11. - Effect of specific speed on optimum 
turbine pressure ratios at three tip speeds. 
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efficiency loss of 0. 15 and an overall static efficiency increase of 0. 19. The peak statid* 
efficiency and the peak total efficiency occur at specific speeds of 93 and 98 (0. 72 and 
0.76), respectively. 

The values of H and Q in the specific-speed equation change appreciably when the 
turbine -diffuser combination is considered as a unit. The diffuser causes an increase in 




lx ‘Aouapjjj] 


Specific speed, N s , rad/(m^ 2 )(kg^ 4 )(sec^ 2 )(J^ 4 ) 

(a) All specific speeds referenced to turbine rotor exit, station 2. (b) Specific speed for turbine-diffuser combination referenced 

to diffuser-exit conditions. 
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static efficiency to a specific speed of 93 (0. 72). The static efficiency with the diffuser 
was substantially higher than without the diffuser except at the higher levels of specific 



speed based on the turbine -diffuser combination as a whole. In that area, a diffuser of 
lower effectiveness or a diffe rent type of turbine would be required for static efficiency 
higher than that of the radial turbine without a diffuser. 
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which describes the curve of reference 5 that relates the stator-exit flow angle to the 
blade number required to avoid zero blade surface velocity. The rotor-inlet relative 
velocity was then computed by 
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Rotor-Exit Velocity Diagram 
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the rotor loss coefficient took the form 
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The exit blade height can then be computed from continuity by 
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Exit loss is the kinetic energy corresponding to the leaving velocity expressed as 


The total and static efficiencies were calculated as follows: 
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The breakdown in efficiency caused by the various loss contributions was obtained 
as follows: 
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